Aromatic amino acid residues ofproteins are decomposed by ozonolysis.x"4) Ozonated protein containing a very small amount of aromatic amino acid residues maybe useful for therapy of patients with inborn errors of aromatic amino acid metabolism such as phenylketonurea. Wehave prepared ozonated casein in which about 85% of the phenylalanine and all of the other aromatic amino acid residues in original casein were decomposed, and proved by feeding experiments with rats that the ozonated casein supplemented with amino acids lost by ozonolysis has nearly the same biological value as that of casein, although the true digestibility was significantly lower.5 " 7) Histopathological examination of someorgans of rats fed ozonated casein did not show any significant deterioration compared with those fed casein. The levels of several plasma enzymatic activities were also normal, but some unusual ninhydrin-positive substances were detected on an amino acid chromatogram of urine of rats fed ozonated casein (UN-1 and -2 in Fig. 1 ). Those peaks with higher intensity at OD440nm than at OD570nm were not detected in urine of rats fed casein. This paper describes the identification of two unusual components, jS-aspartylurea 2663 (UN-1) and 4-methylproline (UN-2), in urine of rats fed ozonated casein and their origin.
Experimental
General methods. For paper chromatography (PC) we used «-BuOH-AcOH-H2O (4 : 1 : 2). High voltage paper electrophoresis (HVE) was done at pH 3.6 (pyridine-AcOH-H2O, 1 : 20 : 200, 50v/cm) .
The amino acid analysis was done with a model 835 Hitachi high speed amino acid analyzer, using Hitachi #2619 custom ionexchange resin (2.6mm i.d. x250mm). An MCI® 835-PF-Kit was used under the conditions for physiological fluid analysis. NMR spectra were taken on a Brucker AM500(in D2O). FDMSspectra were measured with a JEOL-JMSOISG-2. Animals and diets. Ozonated casein was prepared by the method described in detail previously.5>6) Sixty g of casein (AlacidTM-, New Zealand) was dissolved in 8m urea solution (2 1). About 0.3% O3 in an O2 stream that was generated by passing extra dry O2 through a Nihon Ozone Each amino acid content in two diets was madeequal by addition of free amino acid.
in Table I . Each rat was housed in a metabolic cage to collect urine and feces for 3 days each during days 5 to 7 and 12to 14. Urinewascollectedin 10mlof2nH2SO4.
Identification offt-aspartylurea ( UN-1). Urine of rats fed 8OC-AAdiet contained two unusual ninhydrin-positive compounds which were eluted just before serine (UN-1) and immediately after alanine (UN-2), respectively, on the amino acid chromatogram (Fig. 1) . Both UN-1 and -2 showed higher absorption at OD440nm than at OD570nm and were neutral compounds, because they were adsorbed on a column of Dowex 50 (H+), but not on Dowex 50 (NH4) and Dowex 1 (AcO~) and did not migrate on HVE. UN-1 was decomposed easily by acid (In HC1, 100°C, 1 hr) or nitrite (40% NaNO2, 60°C, 2hr) treatment, but UN-2 was stable under these conditions. A part of the pooled urine of the 8OC-AAgroup was put on a column of Dowex 50 (H+, 100ml), which was thoroughly washed with H2O (1 1), and the compounds absorbed were eluted with 2n NH4OH. Fractions of 80ml each were collected. Fractions 2 and 3 were combined, concentrated in vacuo andput on acolumn ofDowex 1 x 4 (AcO~, 10ml), which was throughly washed with H2O. The effluent and H2O washcontaining basic and neutral amino acid fractions were concentrated in vacuo and put on a columnofDowex 50W x4 (NH^, 10ml). The effluent and H2O wash from the column, which contained the neutral aminoacid fraction, was used for preparative PC. Neutral amino acid fraction of urine of 8OC-AA group contained a large amount of methionine sulfone.5) UN-1 moved very slowly and was found in a band below methionine sulfone on PC. The UN-1-containing band was eluted with H2O and the eluate was treated with a small amount of active carbon. The sparingly soluble UN-1 was crystallized out from the concentrated aqueous solution. UN-1 gave only aspartic acid and ammoniaafter acid hydrolysis, indicating that UN-1 wascomposed of aspartic acid, and a ninhydrinnegative substance that gave ammonia by acid hydrolysis (In HC1, 110°C, lhr, in a sealed tube). NMRspectrum of UN-1 had nearly the same splitting pattern corresponding to the -CH2-CH-system as that ofasparagine. NMR of UN-1 SDSS (D2O) ozonated casein, for the /?-aspartylurea residue was easily hydrolyzed to an aspartyl residue by acid hydrolysis as described above. Two ml of 2%ozonated casein solution in 0.1 Mborate buffer containing 5 rriM CaCl2 (pH 7.5) was incubated with Pronase (Calbiochem) solution in the same buffer (0.3 mg/2ml) for various times at 40°C. The peak with the same elution time and color (OD440nm> OD570nm) as those of /?-aspartylurea was recognized on th amino acid chromatogramof the reaction mixture incubated for 30min. The behaviror of the product on PC and HVEwas also consistent with that of /?-aspartylurea. It was confirmed, therefore, that /?-aspartylurea was originally present in ozonated casein taken by rats. The formation of /?-aspartylurea during ozonolysis of aromatic amino acids was proved by ozone oxidation of 3% tyrosine solution in 8m urea (100ml). Tyrosine was chosen as a model compound because it was the most abundant aromatic amino acid in casein (Table I, the 2nd column) and decomposed rapidly by ozonolysis. One ml of the ozonated solution was treated with a columnof Dowex1 (AcO , 1ml) to adsorb a large amount of aspartic acid formed during ozonolysis. The effluent and H2Owash (10 ml) from the columnwas placed on a column ofDowex 50 (H+, 1 ml), which was throughly washed with H2O to removeurea. The eluate from the columnwith 2 n NH4OH (5 ml) gave the peak of /?-aspartylurea on the amino acid chromatogram. Neither of ozonolysis of aqueous solution of tyrosine nor aspartic acid solution in 8Murea gave a peak corresponding to /?-aspartylurea.
Identification of 4-methylproline (UN-2). UN-2 was not
affected by HC1or NaNO2treatment as described above. Part of the pooled urine of rats fed 8OC-AAdiet was put on a column ofDowex50 (H+, 100ml), which was washed with H2Oand eluted with 2n NH4OH.The eluate gave two isatin-positive spots on PC. One was proline and the other had a higher Rf value than proline, which was separated from proline by preparative PC. The isatinpositive band with a higher Rf value than proline was eluted with H2O. The eluate gave two peaks of UN-2 and pipecolic acid on the amino acid chromatogram. The NMR spectrum of the mixture gave a strong doublet of a secondary methyl group at 5 1.08 and some other small signals besides peaks corresponding to pipecolic acid. The base peak on FDMSspectrum (ra/z, 130) of the mixture corresponded to pipecolic acid+H, but the spectrum showed a de-methyl fragment (m/z 114) that could not arise from pipecolic acid. The presence of methyl group on NMRspectrum and de-methyl fragment from m/z 129 on FDMSspectrum suggested that the mol. wt. of UN-2 was also 129. The stability to nitrite treatment, color reaction with ninhydrin (OD440nm>OD570nm), positive reaction with isatin and the spectral results indicated that UN-2 was one of the monomethylprolines. NMR of the mixture of UN-2 and pipecolic acid <5DSS (D2O): besides the signals assigned to pipecolic acid [1.63 (m) 3.47 (1H) and 3.56 (1H). 3-And 5-methylproline (both racemate) were prepared from crotonaldehyde or methylvinylketone, respectively, instead of methacrolein. Chromatographic behavior and NMR spectrum of UN-2 agreed with those of 4-methylproline.
Since NMRspectrum of UN-2showed a-protons of both cis and trans isomers at S 4.13 and 4.20, respectively, it was proved that UN-2was a mixture of diastereoisomers. concentration, the existence of /?-aspartylurea residues in ozonated casein may be responsible for its low digestibility to some extent. Hydrolysis of /?-aspartylurea residues of ozonated casein by a mild deamidation reaction12) and feeding experiments of rats with the preparation will be presented in a subsequent paper. 4-Methylproline, which was a minor component and a racemate, has not yet been detected in the hydrolyzate of ozonated casein. The origin of racemic 4-methylproline found in urine of rat fed ozonated casein is, therefore, still obscure. The amount of 4-methylproline excreted in urine was about 2.5 fimol (0.3 mg)/ day/rat.
